SUMMARY -Saliva is a complex body fl uid that has various functions in the oral cavity. Central nervous system has the most important role in regulating salivation. Saliva as a sample is suitable for simplicity of sampling and because it contains analytes in the free active form. Stress is a condition in which the internal (psychophysical) balance of the body is disturbed. It activates the hypothalamicpituitary axis, so salivary cortisol is a free cortisol indicator that correlates well with its serum value and refl ects the free fraction that is biologically active. At the same time, stress conditions stimulate the sympathetic neuronal system causing change in the secretion of salivary α-amylase from salivary glands. Th e hypothesis of this study was that students with daily intensive physical activity are exposed to chronic stress compared to other students who have minimal physical activity. Th e study included 54 healthy volunteers, students of the University of Zagreb, divided into two groups. One volunteer group consisted of physically active volunteers (n=27) from the Faculty of Kinesiology (FK), and the other group consisted of physically inactive volunteers (n=27) from other faculties (OF). Th e subjects were fi rst administered a psychological test that consisted of two questionnaires, Quality of Life Questionnaire and Questionnaire of Stressful Styles, and then underwent sampling of saliva. By comparing biochemical and psychological indicators in relation to stress, it was concluded that the two groups of students were equalized and that there was no objective support for either group to be considered exposed to chronic stress. Despite the substantial diff erences in physical activity, there was no diff erence between the two student populations.
Introduction
Stress is a condition in which an internal (psychophysical) balance of the body is disturbed, and which requires additional eff ort to adapt. Stress stimulus (stressor) is every stimulus that brings an individual into stress. A stressful situation can be a stressful stimulus for an individual confronted with such stimuli. However, if a stressful reaction occurs, it depends on whether the individual perceives the situation as endangering or not. Stressful experiences are those that occur under the infl uence of stressful stimuli. Changes that occur in the body under the infl uence of stress can, under certain conditions, cause false organic disorders called psychosomatic disorders and psychosomatic diseases 1 . Stress triggers two biological systems, the hypothalamic-pituitary-adrenocortical axis (HPA) and the sympatho-adrenomedullary axis (SAM). Activation of HPA results in increased secretion of the hormone cortisol 2 . Salivary concentrations of cortisol are related to the free form and they are well correlated with serum cortisol 3 . Th ere are several types of stress that are classifi ed according to the duration and frequency into acute, chronic, psychological and physical stress. Acute stress is the most common form of pressure and demand from the immediate past, current environmental demands, and pressures and expectations from the near future. Chronic stress is exposure to stressful and exhausting situations over a longer period, especially at work or in family environment. It is often associated with poor socioeconomic status, social isolation, inability to control and infl uence the events, self-confidence and suicidal thoughts 4 . Emotional or chronic stress is very dangerous and it ranks second in causing the disease. 'Burn out' is a complete emotional exhaustion syndrome due to work hardships (ineff ective performance at work) 2, 5 . Psychic stress is also present when writing an exam. Many studies have investigated experiencing stress induced by examinations and its consequences on the cellular immunity functioning. During the test period, respondents experience a higher degree of stress with a signifi cant reduction in the function of diff erent cellular immunity indicators 6 . Physical stress occurs when the body is in immediate danger, e.g., physical combat, traffi c accident, wounding, life-threatening event (struggle for survival), or cycling, running, and exposure to cold 5 . At present, several salivary biomarkers such as salivary cortisol, salivary alpha-amylase (sAA), salivary secretory immunoglobulin A (sIgA) and dehydroepiandrosterone concentrations are currently being used in stress research. Salivary biomarkers are more popular in stressrelated research because it is proven to be better than testing biomarkers from the blood 7 . Th e advantages are that the method is noninvasive, eliminating the risk of needle puncture while collecting blood, and causing minimal discomfort to the individual. sAA is a digestive hormone, synthesized in acinar cells, stored in granules and released into saliva in response to neurohormone stimulation. Th e sAA concentration is independent of the amount of saliva produced. Signifi cantly, the concentration of this enzyme in saliva is proportional to the IgA concentration and inversely proportional to stress level. sAA is used as a stress marker, and is highly susceptible to stressful situations including psychic stress 7 . Excretion of sAA is associated with psychoneuroendocrine response to stress rather than the salivation rate and age. sAA is one of the richest components in the saliva and makes 10% to 20% of total protein content. Previous research demonstrated a link between sAA secretion and exposure to stress condition 8, 9 . Generally, cortisol has a typical circadian rhythm of higher values in the morning and lower values in the evening 10 . Salivary cortisol is an excellent indicator of free cortisol, correlates well with serum value, and refl ects the free fraction of cortisol that is biologically active; thus, the adrenocortical function of serum cortisol is better shown by measuring salivary cortisol concentrations 11 . Th erefore, salivary cortisol is often used in stress assessment. Salivary cortisol in comparison to total cortisol is by 1% to 2% lower; cortisol concentration in the saliva is low (1-10 μg/L) due to the presence of 11β-hydroxysteroid dehydrogenase, which oxidizes 30% of free cortisol enzymes in cortisone 12 . Many factors such as neuropeptides, neurotransmitters, opioids, growth factors, cytokinesis, adipokinesis, and battery ligands modulate the release of adrenal glucocorticoids independently of pituitary adrenocorticotropic hormone (ACTH) 13 . Adrenal cortisol release during circadian ascension and stress response are under the control of ACTH and preganglionic sympathetic neurons 12, 14 . Th e aim of this scientifi c work was to measure the basal morning concentration of α-amylase and cortisol in the saliva, to examine diff erences in concentrations and test results related to chronic physical stress between students with regular daily and intensive physical exercises as a mandatory part of their classes and students of various faculties with no regular physical activity or only occasional weekly physical activity, possibly exposed to greater mental stress. Results of measuring these markers were correlated with the results of psychological testing. Finally, our aim was to examine whether intensive physical activity was a feature of chronic stress as compared with the physically inactive group, and whether the hypothesis could be confi rmed by the concentration of salivary biochemical markers or by psychological testing of readiness for stress.
Subjects and Methods

Subjects
Th e study included 54 healthy volunteers, students from the University of Zagreb, divided into two groups: one group consisting of physically active volunteers (n=27) . Th e two groups were matched by gender, with 15 males and 12 females in the group of physically active subjects, and 14 males and 13 females in the other group of physically inactive subjects, age range 19 to 26 years. Th e samples were marked with codes, and the only data recorded were age and gender of the respondent, and time and date of sampling. Th e research was approved by the Ethics Committee of the Faculty of Pharmacy and Biochemistry in Zagreb. Th e informed consent form contained the purpose, description, course and aim of the research, and the respondents were further informed verbally on the informed consent, then they read it themselves and signed.
Clinical trials and diagnostic procedures
All study subjects fi rst completed a psychological test that, in a series of questions, measured psychometrically their way of dealing with stressful situations in life. Psychological test was evaluated by a clinical psychologist from Sestre milosrdnice University Hospital Centre. Th en saliva was collected in a nonaggressive way by use of a standard double-tube system (Sarsted, Germany).
Laboratory diagnostic workup
Study subjects were asked not to drink, eat, chew, smoke, or monitor their teeth for half an hour before sampling. Saliva samples were obtained between 10.00 and 12.00 am. Sampling was carried out by placing a sterile pad directly from the small tube in the mouth, then by chewing procedure, in a nonaggressive manner, the pad was fi lled with saliva for 1 minute and returned directly from the mouth to the tube. Th e tubes were subjected to centrifugation at a standard centrifuge at 3000 rpm for 3 minutes (in a centrifuge of 10-cm diameter), which caused separation of liquid (saliva) from the soaked pad. A saliva sample of 1.1±0.3 mL was obtained by centrifugation. Larger test tubes with the contents of saliva and remains of any broken parts of the cells and other particles packed in the narrow conical end of the tube were stored in a refrigerator at +4 to +8 ºC until analysis. Th e concentration of cortisol and sAA in saliva was analyzed by enzyme immunoassay at Clinical Institute of Chemistry, Sestre milosrdnice University Hospital Centre. Th e concentration of α-amylase in the saliva was determined by the commercial assay Alpha Amylase Saliva ELISA E130607AB (Euroimmun, Lübeck, Germany), which contains all reagents and standard solutions prepared in accordance with the In Vitro Diagnostic (IVD) Directive for sAA determination in saliva 15 . Th e concentration of cortisol in the saliva was determined by the commercial test Cortisol Saliva ELISA E131106BK (Euroimmun, Lübeck, Germany) containing all reagents and standard solutions prepared in accordance with the IVD Directive for determination of cortisol in saliva 16 .
Psychological measuring instruments
An adaptive version of the questionnaire dealing with stressful situations was applied for coping strategy (Coping Orientation to Problems Experienced, COPE) 17 . Th is questionnaire was adapted to cultural conditions of this area 6 . Th e so-adapted COPE questionnaire consists of 71 particles making up 17 empirically derived scales, 15 of which are taken from the original (COPE) questionnaire, while the specifi c answers of the respondents in this area made two additional scales called the scaling scale and the emotional depression scale. Th e task of the respondent was to answer what they generally felt and how they reacted when they were in stressful situations. Th e COPE questionnaire consists of 17 scales that imply diff erent coping strategies. Combining styles with a common way of responding to stress was applied in the research by Hudek-Knežević and Kardum 7 , where they also assessed the respondents facing psychological stress 18 . Styles of stress-focused stress, emotions (emotional approach) and avoidance strategies (denying and running away from stress, i.e. stressors) are diff erent. Th e WHOQOL-BREF questionnaire presents a shortened version of the WHOQOL-100 questionnaire produced by the World Health Organization (WHO) for the purpose of assessing the quality of life. WHO-QOL-BREF was compiled using and analyzed by WHOQOL-100 pilot study data. Twenty-fi ve particles were selected from the original questionnaire, one particle for the quality of life as a whole and for gen-eral health. Th e questionnaire in its entirety contains 26 particles. Psychometric research has shown that WHOQOL-BREF is a reliable and valid instrument. Perception of the quality of life, perceived in each of the 4 domains of the questionnaire, is particularly relevant (physical health, psychological state, social relations, and the environment), where the scale is directed positively, which means that a greater number of points represents a higher quality of life. Th e questionnaire consists of 26 questions and each question points to the Likert scale 1 (worst) to 5 (best). After transformation of the points in two steps, the points for each domain are within the 0 to 100 scale. In this study, a valid Croatian version of the questionnaire was used, which was tailored to this group of respondents. Th is questionnaire assesses perception of an individual in the context of his/her culture, personal goals, standards, and concerns 19, 20 .
Statistical methods
Excel 2010, Microsoft Offi ce (Microsoft, USA) and MedCalc v. 12.2.1.0 (MedCalc Software, Mariakerke, Belgium) were used on statistical data processing. Characteristics of data sets were presented by the method of descriptive analysis, KolmogorovSmirnov statistical test was employed to examine the normality of data distribution. If data distribution did not follow gaussian distribution, nonparametric tests were used and data described by median and range of the values measured. Correlation was assessed by use of Pearson or Spearman parametric or nonparametric tests with the corresponding coeffi cient of correlation (r) and statistical signifi cance (p). Correlation coefficients were interpreted according to Colton. Parametric t-test for independent samples or non-parametric Mann-Whitney test was used to compare the variables depending on the normality of distribution. All results were interpreted at the level of statistical signifi cance of p<0.05. Table 1 shows the results obtained by determining sAA and cortisol in the FK and OF groups of students. Statistical data including mean values of sAA and cortisol concentrations and associated standard deviation (SD), median, minimum and maximum, number of subjects in each group, and age of subjects were presented. All results were interpreted at the level of statistical signifi cance of p<0.05. Th e p values obtained showed normal distribution of all variables except for life expectancy.
Results
In Table 2 , the results of the respondents' answers to the part of the psychological test, Questionnaire of Str essful Styles, are presented. Th e table shows data for FK and OF groups, including age of the respondents, number of the respondents in each group, mean value, SD, median, minimum, maximum and normality of distribution of the responses to the Questionnaire of Stressful Styles psychological test for each group. Th e results obtained were interpreted at the level of statistical signifi cance of p<0.05. Th e p values obtained showed normal distribution of all variables except for age and avoidance as the style of coping with stress in the OF group. Table 3 shows the results of the respondents' responses to the part of the Quality of Life Questio nnaire psychological test. Th e table shows total number of the respondents, age of the respondents, mean value of the responses with associated SD, median, minimum, maximum and p value for each group. Th e results obtained were interpreted at the level of statistical signifi cance of p<0.05. Th e p values obtained showed normal distribution of all variables except for life expectancy.
After determining concentrations of sAA and cortisol, their values were compared to see if there was a diff erence between the groups. Th e concentrations of sAA were compared between the groups (p=0.697), between women and men of the FK group (p=0.008), and between all female and all male subjects from both groups (p=0.033). Analysis of these results yielded a statistically signifi cant diff erence in sAA concentrations between men and women in FK group and between all men and women of both groups. Cortisol concentrations were compared between the groups regardless of gender (p=0.426), between women from FK group and those from OF group (p=0.241), and between men from FK group and those from OF group (p=0.930). Statistically, results were interpreted at the p<0.05 level, yielding no statistically signifi cant diff erence in cortisol values between the groups. Th e results of these measurements are illustrated in Figures 1-6 .
Th e results obtained by solving the Questionnaire of Stressful Styles and Quality of Life Questionnaire psychological tests were compared between FK and Other results are shown in Table 4 , with no statistically signifi cant value recorded.
Figures 7-9 show correlations of sAA and cortisol between KF and OF groups and their correlation FK = students from the Faculty of Kinesiology; OF = students from other faculties; n = number of respondents; χ = mean value; SD = standard deviation; p = distribution normality; *results were tested by Mann-Whitney nonparametric test was found for comorbid and psychological variables (r=+0.535) in FK group, and for age and problem avoidance in OF group (r=-0.512). Th ere was no statistically signifi cant correlation of sAA and cortisol with psychological indicators based on the response to the two psychological tests, Questionnaire of Stressful Styles and Quality of Life Questionnaire.
Discussion
In the past ten years, saliva has become a very popular laboratory sample for simple and noninvasive sampling, making it a rapid and inexpensive method as compared with other samples, which can be carried out under supervision of any educated person 21 . sAA and salivary cortisol were selected as markers to estimate the level of stress because many studies have shown their promising benefi t 7 . Salivary cortisol is an excellent cortisol indicator that correlates well with its serum value and refl ects the free fraction of cortisol that is biologically active; measuring the concentration of salivary cortisol shows adrenocortical function better than serum cortisol. Salivary cortisol is therefore often used in stress assessment. Search for a similar noninvasive marker of mental and physical stress that would be an indicator of SAM activation yielded best results for sAA concentration, which shows disruption in stressful circumstances. Th e secretion of sAA, an enzyme important for the digestion of carbohydrates, is strongly neurohumorally monitored by the sympathet- r=-0.410, p=0.034; sAA = salivary α-amylase; OF = students from other faculties; orange lines represent the interval of predictability, purple lines confi dence interval, and central blue line direction of regression ic nervous system. Th erefore, the assumption is that sAA refl ects the sympathetic nervous system activity. Th is research was conducted at the Faculty of Pharmacy and Biochemistry and in the unit for ELISA technique at Sestre milosrdnice University Hospital Centre. Th e goal of the study was to explore how students face with stress, how they stand it, and which biochemical indicators point to their behavior. Two groups of students were selected, one group consisting of physically active respondents attending second and third year at the Faculty of Kinesiology, and the other group including students from other faculties with no regular physical activity in their curriculum. Th e respondents fi rst underwent psychological testing consisting of two tests, Quality of Life Questionnaire and Questionnaire of Stressful Styles, followed by saliva sampling. Sampling was performed according to a standardized procedure using the Salivetta system. Th e aim was to investigate whether there was any betweengroup diff erence or association in biochemical indicators or perception of stress, concerning their response and readiness to face stress situations. Considering that continuous physical activity causes chronic stress manifested by reduced cortisol concentrations and elevated sAA concentrations, it was expected that the FK group would have such values of these biochemical markers. In OF group, inverse results or mildly elevated cortisol and lower sAA concentrations compared to FK group were expected, due to the infl uence of psychic stress present during preparation of exams, presentation of seminar work, etc. Since most literature reports show results only for physically active groups, the aim was to explore a physically inactive group and compare it to the physically active one because psychic stress has the same eff ect as physical stress, and our expectations had ground in the published studies. Similar studies have been carried out in recent years, such as the one conducted by Van den Bos et al. Concentrations of salivary cortisol positively and strongly correlated in risky situations in men, which was signifi cantly diff erent from poor adverse relationships in risky situations in women 22 . In the study by Wolf et al., the value of salivary cortisol and sAA was compared in healthy children and children with asthma, showing that chronic stress and asthma caused elevated salivary cortisol levels and decreased sAA values in children with asthma compared to healthy children 23 . In the study by Hare et al., salivary cortisol concentrations were measured before and after parachute jump and there was no statistically signifi cant diff erence in salivary cortisol concentrations between these two groups but elevated cortisol values were obtained after the jump in both groups 24 . In the study by Van Stegeren et al., participants were exposed to stress by holding their hands for 10-20 minutes in water with ice cubes; men had higher sAA concentration than women, indicating a gender diff erence, however, it did not reach statistical signifi cance. Salivary cortisol concentrations monitored in the same way showed no eff ect of gender but were elevated in control group. In women, sAA correlated positively with their workload 25 . Our study showed that there was no statistically signifi cant diff erence in sAA concentrations and salivary cortisol concentrations between the FK and OF groups. A statistically signifi cant diff erence was demonstrated by comparing all men and women from both groups, and between men and women within the FK group for sAA concentrations. Th e values obtained but not expected could be attributed to the small number of study subjects and possible physiological eff ects in some individuals (menstrual cycle, oral contraceptives, cortisol circadian rhythm, pregnancy, etc.) at low concentrations of the analyte because of which small analytical errors can lead to signifi cant changes in the actual concentration. Also, interpretation of the results was additionally complicated by the lack of reference intervals or existence of reference intervals that diff er among literature reports. Although commercially prepared kits were used for determination of sAA and salivary cortisol, sAA determination required 1:201 dilution of samples, which could additionally infl uence the accuracy of the results obtained at low concentrations. Other studies mainly show negative correlation between sAA and salivary cortisol, i.e. they are inversely proportional, as shown by the results obtained, but this correlation had no statistical signifi cance; we believe that the small number of study subjects was the reason for this. Th e aim of this study was to link the psychological indicators through two questionnaires that were scored, statistically processed and related to the biochemical stress indicators of salivary cortisol and sAA. However, no statistically signifi cant correlation was obtained although the correlation between these parameters was expected based on the group concept. Hypothetically, FK and OF groups should diff erentiate their quality of life and respond to stress-ful situations such as physical and psychological stress. In the Faculty of Kinesiology students, it was assumed that strong physical activity would be hypothetically accompanied by lower cortisol values and higher amylase values compared to other students who did not have intense physical activity.
In conclusion, this observation established a weak to moderate negative association between salivary cortisol and sAA concentrations, but no statistical significance was demonstrated. Equal connectivity was observed in all students irrespective of physical activity. Th e best correlation between cortisol and sAA concentrations and highest statistical signifi cance were found in the group of students with moderate physical activity. Perhaps the association would have been stronger if the study group had more than 27 respondents. It was also found that there was no statistically signifi cant correlation between biochemical stress indicators and results obtained by the psychological test method. More active and more positive coping with stressful conditions was observed in students from the Faculty of Kinesiology based on one domain of psychological testing of stressful stress styles. Comparing biochemical and psychological indicators with stress, it was concluded that the two groups of students were equalized and no objective baseline was found for which chronic stress could be attributed to either group. Despite the substantial diff erences in physical activity, there was no diff erence between the two student populations. Th e levels of cortisol and amylase could not be evaluated relative to the reference intervals because the research, though numerous, yields different results for healthy population.
